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Descrigao:

Este curso tem como objetivo estudar e entender como ocorre a interconexdo
entre ambientes sociais, tecnolégicos e naturais e como o estudo das redes
complexas leva a compreensdo dessas conexdes. Tépics incluem: como opinides
circulam nas redes, como movimentos politicos se espalham na Web, fragilidade
e robustez das redes. Paraisso o curso apresenta a teoria das redes complexas,
e algoritmos relacionados a aplicagdes em ciéncia da computag¢ao, como Web,
recuperacdo de informacgado, redes de sensores, etc. A teoria de redes complexas
se aplica a outras areas também, como redes sociais, economia, biologia e fisica.
O curso focaliza a andlise estatica das estruturas de topologia das redes
complexas e aspectos de evolucdo dindmica (ex.: temporal). Os alunos deverao
fazer um projeto envolvendo redes complexas, aplicando a teoria e
desenvolvendo algoritmos em diferentes contextos. Os topicos especificos estao
descritos detalhadamente no item 4.

Pre-Requisitos

Os requsistos sdo conhecimentos basicos de probabilidades (ex.: variaveis
aleatorias, expectancia, probabilidade condiconal), mas que serdo revisados
quando aparecerem. Entretanto um dos objetivos do curso é construir modelos
das redes e os alunos deverdo se familiarizar com o tratamento matematicos das
redes.

3) Livro Texto:

Networks, Crowds, and Markets: Reasoning About a Highly Connected
World, David Easley and Jon Kleinberg

http://www.cs.cornell.edu/home /kleinber/networks-book
Capitulos usados e que obrigatoriamente DEVEM ser estudados:
Redes complexas e Grafos: 1, 2, 3,4, 5
Redes de Informagdo e Web: 13, 14 e 15

Dindmica das redes: 16,17 e 18
Modelos Estruturais: 19, 20, 21
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4) Topicos e organizacio do curso

1. Overview
o 1.1 Aspects of Networks
o 1.2 Central Themes and Topics

2. Graphs
o 2.1 Basic Definitions

o 2.2 Paths and Connectivity

o 2.3 Distance and Breadth-First Search

o 2.4 Network Datasets: An Overview
3. Strong and Weak Ties

o 3.1 Triadic Closure
3.2 The Strength of Weak Ties
3.3 Tie Strength and Network Structure in Large-Scale Data
3.4 Tie Strength, Social Media, and Passive Engagement
3.5 Closure, Structural Holes, and Social Capital
3.6 Advanced Material: Betweenness Measures and Graph
Partitioning
4. Networks in Their Surrounding Contexts

o 4.1 Homophily

o 4.2 Mechanisms Underlying Homophily: Selection and Social

Influence

o 4.3 Affiliation

o 4.4 Tracking Link Formation in On-Line Data

o 4.5 A Spatial Model of Segregation
5. Positive and Negative Relationships
5.1 Structural Balance
5.2 Balanced Networks and the Cartwright-Harary Theorem
5.3 Applications of Structural Balance
5.4 A Weaker Form of Structural Balance
5.5 Advanced Material: Generalizing the Definition of Structural
Balance

O O o O o

O O 0O O ©o

13. The Structure of the Web

13.1 The World Wide Web

13.2 Information Networks, Hypertext, and Associative Memory
13.3 The Web as a Directed Graph

13.4 The Bow-Tie Structure of the Web

13.5 The Emergence of Web 2.0

O O 0O O o
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o 14. Link Analysis and Web Search

O O 0O O 0 O

14.1 Searching the Web: The Problem of Ranking

14.2 Link Analysis using Hubs and Authorities

14.3 PageRank

14.4 Applying Link Analysis in Modern Web Search

14.5 Applications beyond the Web

14.6 Advanced Material: Spectral Analysis, Random Walks, and
Web Search

« 15. Sponsored Search Markets

0O O o O O

15.1 Advertising Tied to Search Behavior

15.2 Advertising as a Matching Market

15.3 Encouraging Truthful Bidding in Matching Markets: The
VCG Principle

15.4 Analyzing the VCG Procedure: Truth-Telling as a Dominant
Strategy

15.5 The Generalized Second Price Auction

15.6 Equilibria of the Generalized Second Price Auction

15.7 Ad Quality

15.8 Complex Queries and Interactions Among Keywords
15.9 Advanced Material: VCG Prices and the Market-Clearing
Property

« 16. Information Cascades

o
o
o

O O O O

16.1 Following the Crowd

16.2 A Simple Herding Experiment

16.3 Bayes' Rule: A Model of Decision-Making Under
Uncertainty

16.4 Bayes' Rule in the Herding Experiment

16.5 A Simple, General Cascade Model

16.6 Sequential Decision-Making and Cascades

16.7 Lessons from Cascades

o 17. Network Effects

0O O 0 O O 0 o

17.1 The Economy Without Network Effects

17.2 The Economy with Network Effects

17.3 Stability, Instability, and Tipping Points

17.4 A Dynamic View of the Market

17.5 Industries with Network Goods

17.6 Mixing Individual Effects with Population-Level Effects
17.7 Advanced Material: Negative Externalities and The EI Farol
Bar Problem

o 18. Power Laws and Rich-Get-Richer Phenomena
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18.1 Popularity as a Network Phenomenon

18.2 Power Laws

18.3 Rich-Get-Richer Models

18.4 The Unpredictability of Rich-Get-Richer Effects

18.5 The Long Tail

18.6 The Effect of Search Tools and Recommendation Systems
18.7 Advanced Material: Analysis of Rich-Get-Richer Processes

« 19. Cascading Behavior in Networks

O O 0O O o oo

19.1 Diffusion in Networks

19.2 Modeling Diffusion through a Network

19.3 Cascades and Clusters

19.4 Diffusion, Thresholds, and the Role of Weak Ties
19.5 Extensions of the Basic Cascade Model

19.6 Knowledge, Thresholds, and Collective Action
19.7 Advanced Material: The Cascade Capacity

e 20. The Small-World Phenomenon

O O 0 O o

(0]

20.1 Six Degrees of Separation

20.2 Structure and Randomness

20.3 Decentralized Search

20.4 Empirical Analysis and Generalized Models

20.5 Core-Periphery Structures and Difficulties in Decentralized
Search

20.6 Advanced Material: Analysis of Decentralized Search

o 21. Epidemics

O O O O o 0o o o©

21.1 Diseases and the Networks that Transmit Them

21.2 Branching Processes

21.3 The SIR Epidemic Model

21.4 The SIS Epidemic Model

21.5 Synchronization

21.6 Transient Contacts and the Dangers of Concurrency

21.7 Genealogy, Genetic Inheritance, and Mitochondrial Eve
21.8 Advanced Material: Analysis of Branching and Coalescent
Processes
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6. Calendario de Aulas e Leituras de Capitulos (mandatorio)

Marco

Dia 2 - apresentagdo do curso - aula #1

Dia 4 - leitura do cap. [1] para discussao - aula #2
Dia 9 - leitura do cap. [2] - aula #3

Dia 11 - leitura do cap. [2] - aula #4

Dia 16 - leitura do cap. [3] - aula #5

Dia 18 - leitura do cap [3]- aula #6

Dia 23 - Nao havera aula: leitura cap. [4]

Dia 23 - Nado havera aula: leitura cap [4]

Dia 30 - leitura cap [5] - aula #7

Abril
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Maio

Junho

Julho

Dia 01 - feriado

Dia 6 - leitura cap [13] - aula #8
Dia 8 - Prova #1

Dia 13 - leitura [13] - aula #9

Dia 15 - leitura cap. [14] - - aula #10
Dias 20 - leitura cap. [14] - aula #11
Dia 22 - recesso

Dia 4 - apresentacdo da proposta dos projetos -
Dia 6 - leitura cap [15] - aula #12

Dia 11 - leitura cap [15] aula #13

Dia 13 - leitura cap [16 ] aula #14

Dia 18 - leitura cap [16] aula #15

Dia 20 - reserva

Dia 25 - Prova #2

Dia 27 - leitura cap [17] aula #16

Dia 1 - leitura cap [17] aula #17
Dia 3 -feriado

Dia 8 - leitura cap [18] aula #18
Dia 10 - leitura cap [18] - aula #19
Dia 15 - leitura cap [19] aula #20
Dia 17 - leitura cap [19] aula #21
Dia 22 - leitura cap [20]

Dia 24 - leitura cap [20]

Dia 29 - leitura cap [21]

Dia 1 - leitura cap [21]
Dia 6 - Prova #3
Dia 8 - Reserva

virgilio@dcc.ufmg.br



